We isolated Corynebacterium pseudotuberculosis from an abscess of the head of a captive elk submitted for necropsy and from a similar abscess of a living herd mate. To our knowledge, this is the first documented case in elk and should be considered a potential cause of subcutaneous abscesses in wild elk.
A yearling male elk from a herd of 258 captive Rocky Mountain Elk (Cervus canadensis nelsoni) in central Utah, USA was submitted to the Central Utah Veterinary Diagnostic Laboratory in Nephi, Utah, for necropsy in October 2009. There was extensive swelling of the right side of the head with cellulitis and a 734-cm abscess containing a brown exudate. Multiple bacteria were isolated from the abscess and inflamed subcutis; however, Corynebacterium pseudotuberculosis was the predominant isolate. In late October 2009, we conducted a farm visit to look for additional affected animals within the herd. Culture of material from an abscess on the left thigh of a tranquilized adult bull revealed a pure culture of C. pseudotuberculosis. The ranch is in central Utah at an elevation of 1,540 m and the animals are kept on pasture (12 pastures varying from 2 to 30 ha) and rotated in herd groups as the grass is eaten. Animals are fed hay in winter, supplemented with a vitamin and mineral supplement, dewormed biannually, and vaccinated annually against Clostridium spp.
Farm records and interviews with the owner indicated that subcutaneous swellings, particularly on the neck, had been noticed in several elk in the herd in 2007-2009 that were similar to those of the dead animal. In 2009, eight animals were affected with weight loss, lethargy, subcutaneous masses, and abscesses (four bulls, three cows, and one 5-mo-old calf) and three of these (the bulls with head infections) died. Subjectively, infection in two of the animals appeared to originate in the eyes. Antibiotic treatment with enrofloxacin appeared to help and infections resolved in the late fall.
Corynebacterium pseudotuberculosis is associated with subcutaneous abscessation and disseminated disease in many species worldwide and occasionally causes lymphadenitis in humans (Join-Lambert et al., 2006) . In horses, the bacteria cause an infection of the limbs called ulcerative lymphangitis, and in the dry, western, and southwestern states, it causes a condition known as pigeon fever or dryland distemper (Pratt et al., 2005) . In pigeon fever, peripheral abscesses mainly form in the pectoral muscles and ventral abdominal regions, but can also affect the legs and neck. Pigeon fever may occur at any time of year, but most cases occur in the summer and fall (Hall et al., 2001) . Infection is probably acquired through skin wounds, arthropod vectors, and fomites contaminated with the bacteria. In sheep and goats, C. pseudotuberculosis causes caseous lymphadenitis, a disease characterized by abscessed superficial lymph nodes and internal abscesses in various organs including lungs, liver, kidneys, and lymph nodes. In dairy cattle, various forms of infection have been reported (Yeruham et al., 2003) , with most cases evident in the spring and summer when houseflies and other insects were suspected of acting as mechanical transmitters of the bacteria. Corynebacterium pseudotuberculosis also causes sporadic infections in other species including camels (Camelus dromedarius; Tejedor et al., 2004) , alpacas (Lama pacos; Braga et al., 2006) , and Arabian Oryx (Oryx leucoryx; Tarello and Theneyan, 2008) .
The infections in elk reported here seem similar to pigeon fever in horses in several aspects. The C. pseudotuberculosis isolate as identified by api Coryne (BioMerieux, Inc., Durham, North Carolina, USA) reduced nitrate to nitrite, which is more typical of isolates from horses (and most cattle isolates), whereas isolates from sheep and goats tend to be nitrate negative (Brown and Olander, 1987) . Also, like cases of pigeon fever in horses, there were increased clinical cases in summer months with decreasing cases as flies became less abundant.
To our knowledge there are no other published cases of C. pseudotuberculosis infection in captive elk. Therefore, little is known about the epidemiology of the infection in elk. In this herd abscesses or cellulitis appeared to be more common in summer and fall when flies were abundant. No age or sex predilection was observed in this herd, but the three bulls with facial lesions died. In other species, infection is often acquired via bacterial contamination of wounds (via shearing or intramuscular injections; Brown and Olander, 1987) . A similar situation could occur in elk; or contact with contaminated fomites including feeders, fencing, or sharp plant material may initiate infection and flying insects around the eyes may be a source of transmission. Antibiotic treatment appeared to help in the cases not involving the head. Lancing of the abscesses was rarely attempted due to the difficulty of restraining the animals. No horses or livestock were, or had been, housed with the elk or on adjacent pastures.
Recommendations to captive elk producers with similar problems should include isolation of affected animals, insect control measures, and removal of potentially contaminated bedding and other fomites. Antibiotic therapy may be initiated by the herd veterinarian, but several issues should be considered. None of the antibiotics suggested historically for equine, bovine, or ovine infection with C. pseudotuberculosis are approved in captive cervids for this condition, and would require extra-label use under the Animal Medicinal Drug Use Clarification Act of 1994. Antibiotic use in captive cervids is complicated by the difficulties in repeatedly handling these animals and the lack of known meat withdrawal times. Recommendations based on the sensitivity of isolates in horses and the cases described here include use of enrofloxacin, penicillin, and sulfamethoxazole/trimethoprim. Prolonged treatment may be needed (Hall et al., 2001) , which may require the use of long-acting formulations of antibiotics.
It is likely that C. pseudotuberculosis infection can also occur in free-ranging elk populations, particularly those in close proximity to captive elk and horses and should be considered a possible cause in animals with subcutaneous swellings and abscesses. Infections of the head in particular may be fatal, and weight loss and lethargy would be expected in affected animals. Culture of lesions is recommended for diagnosis rather than serology, because the available serologic tests are not validated for cervids. Antibiotic treatment is unlikely to be effective in severe cases involving the head and culling is recommended. 
